Problem. There was no direct correlation between plasma and placental oxidative damage parameters and inflammation and evidence of TLR4 pathway activation in the placenta in preeclamptic (PE) patients. Method of Study. 33 PE patients and 33 normotensive pregnant women were included. The maternal section of the placenta and blood were collected to the determination of oxidative damage markers (thiobarbituric acid reactive species and protein carbonyls), inflammatory response (interleukin-6 and myeloperoxidase activity), and activation of the TLR-4-NF-kB pathway. Results. An increase of IL-6 levels in both plasma and placenta was observed, but myeloperoxidase activity was not significantly different comparing the groups. Oxidative damage parameters were increased in plasma and placenta in PE patients. A significant increase of the protein levels of TLR-4 and NF-kB was observed in the placenta. Conclusion. The TLR4-NF-kB pathway is upregulated in PE, probably generating local and systemic inflammatory response that is followed by local and systemic oxidative damage.
Introduction
Preeclampsia (PE) is a common disorder of human pregnancy in which the normal hemodynamic response to pregnancy is compromised. It remains a leading cause of maternal morbidity and mortality and is associated with a significant increase in perinatal mortality, and both the etiology and pathophysiology of PE are poorly understood [1] .
Several lines of evidence demonstrated that PE is associated with systemic and placental oxidative stress that may be involved in the pathogenesis of PE [2] [3] [4] [5] . Lipid peroxides are formed and bind to the lipoproteins and are then transported to distant sites in the body and result in systemic oxidative stress, thus the placenta may be the site of generation of the lipid peroxides [4] .
In addition to oxidative stress, inflammatory response occurs in the placenta of women with PE. In vitro studies have shown altered proinflammatory cytokine production by placental tissue/trophoblast cells from women with PE compared to normal pregnant controls [6] . Some studies suggest that placental toll-like receptor 4 (TLR4) could be associated to inflammation in PE patients [7] , but studies correlating TLR4 gene polymorphisms and PE yield controversial results [8] [9] [10] .
In spite of these, to date there was no direct correlation between plasma and placental oxidative damage parameters 2 Oxidative Medicine and Cellular Longevity and inflammation and an evidence of TLR4 pathway upregulation in the placenta of PE patients. Thus, we here correlated several oxidative and inflammatory parameters measured both in plasma and placenta of PE patients. In addition, we investigated the upregulation of TLR4-NF-kB pathway in these patients.
Results

Patients.
Major clinical characteristics from patients and controls were showed in Table 1 . There were no significant differences between the groups studied in terms of maternal age (25 ± 6 versus 27 ± 7 in control and PE patients, resp.), parity (2.3 ± 0.7 versus 1.9 ± 0.8 in control and PE patients, resp.), and gestational age at delivery (37.6 wks ± 8.5 days versus 36.1 wks ± 8.4 days in control and PE patients, resp.).
Inflammatory Markers.
To determine if PE is associated with increased local and systemic inflammation plasma and placenta levels of IL-6 were determined. It was observed an increase of IL-6 levels in both plasma and placenta (Figure 1) , that was more expressive in placenta (2.8 times versus 5.2 times). Plasma and placenta IL-6 levels were positively correlated (r = 0.89, P < 0.001). Activated neutrophils are a major source of IL-6 during inflammatory conditions, but MPO activity was not significantly different in the placenta when comparing control to PE patients (Figure 2 ), nor the leukocyte count was higher in the blood of PE patients (8560 ± 3200 versus 7430 ± 2690 mm 3 , PE versus control, P > 0.05).
Oxidative Damage Markers.
Both protein carbonyls and TBARS were increased in plasma and placenta in PE patients when compared to control (Figures 3 and 4) . The amount of the increase is around to 2 times and is similar in the placenta and in the plasma. In addition, placenta and plasma oxidative damage parameters are positively correlated (r = 0.76, P = 0.01 to TBARS and r = 0.82, P = 0.006 to protein carbonyls). PE placenta IL-6 levels (pg/mg protein) * * Figure 1 : Plasma and placenta levels of interleukin-6 in normal gestation and preeclamptic patients. 33 preeclamptic patients and 33 matched normotensive pregnant women were included and their placenta and peripheral venous blood samples were collected to the determination of interleukin-6 levels using ELISA.
* Different from their respective control, P < 0.05. PE = pre-eclampsia. Control PE MPO activity (mU/mg protein) Figure 2 : Placenta activity of myeloperoxidase in normal gestation and preeclamptic patients.33 preeclamptic patients and 33 matched normotensive pregnant women were included and their placenta was collected to the determination of myeloperoxidase activity using colorimetric assay. PE: pre-eclampsia.
TLR4-NF-kB Pathway.
Trying to determine a pathway related to the observed increase in inflammatory mediators in PE, the protein levels of TLR-4, MyD-88 and NF-kB in the placenta were determined. It was observed a significant increase on both proteins ( Figure 5 ) suggesting a role of this pathway in the inflammatory response observed during PE development.
Discussion
We demonstrated that systemic inflammation occurs in PE patients, and that the magnitude of this response is higher in the placenta suggesting that placenta could be the primary site of inflammation in this condition. It is also demonstrated local and systemic oxidative damage that could be responsible to part of the alterations observed during the disease process. Interestingly, we could not demonstrate an Plasma and placenta levels of thiobarbituric reactive acid species in normal gestation and preeclamptic patients. 33 preeclamptic patients and 33 matched normotensive pregnant women were included and their placenta and peripheral venous blood samples were collected to the determination of thiobarbituric reactive acid species using colorimetric assay.
* Different from their respective control, P < 0.05. PE: pre-eclampsia.
increase on placenta neutrophils despite the TLR4-MyD88-NF-kB pathway seemed to be up-regulated in our sample, suggesting that some other cells are involved in the placenta inflammatory response.
Several reports demonstrated that inflammation occurs during PE development. We recently demonstrated that inflammatory markers are increased in the plasma of PE patients and this is correlated to oxidative markers and blood pressure, suggesting that these are connected processes and these could be, in part, responsible to the physiologic alterations observed in PE [3] . Exaggerated inflammatory response and imbalance of Th1/Th2 cytokine generation are all considered to be major components of the altered immune response during PE [11] [12] [13] [14] . Specifically, levels of IL-6 were previously demonstrated to be elevated in PE patients, compared with age and gestation matched controls [15] , but this is not a consensus in the literature [16] . Borekci and colleagues studying mild PE, severe PE, and eclampsia patients did not found differences in serum IL-6 levels when compared to normotensive gestants. However, these authors did demonstrate that higher IL-10 (a prototype anti-inflammatory cytokine) levels are correlated to the occurrence of eclampsia, suggesting, as we demonstrated here, that increased inflammation is an important feature of eclampsia.
Since we could not demonstrate an increase on MPO activity we believed that some other component of the placenta could be responsible to the observed TLR4-MyD88-NF-kB upregulation. In this context, pregnant women with antiphospholipid antibodies who are at high risk for preeclampsia markedly enhance trophoblast production of IL-8, MCP-1, GRO-α, and IL-1β in a TLR4/MyD88-dependent manner in human first trimester trophoblast cells [16] . In addition, it is known that trophoblast cells constitutively produce chemokines that are important for cro-sstalk with local immune cells, and that, in the presence of bacterial and Figure 4 : Plasma and placenta levels of protein carbonyls in normal gestation and preeclamptic patients. 33 preeclamptic patients and 33 matched normotensive pregnant women were included and their placenta and peripheral venous blood samples were collected to the determination of protein carbonyls using colorimetric assay. * Different from their respective control, P < 0.05. PE = pre-eclampsia. viral components, trophoblast generates an inflammatory cytokine/chemokine response [17] . Other potential source of TLR4-NF-kB activation is the decidual cells. It was previously demonstrated higher immunohistochemical staining for IL-6 in decidual cells from preeclamptic versus preterm placentas, suggesting that decidual cell-derived IL-6 may contribute to excess circulating IL-6 levels in PE [18] . In addition, locally produced IL-6 may contribute to an excess of decidual macrophages implicated in shallow extravillous trophoblast invasion of the deciduas [18] . This is consistent with a role of decidual cells on PE-induced inflammation since these cells expressed TLR4 [19] . It is important to note that despite the fact that we could not demonstrate an increase in MPO activity in PE, Gandley, and colleagues suggested that MPO may contribute to the genesis of the disease [20] . In addition, some data did not support the fact that placenta is the source of cytokines during PE [21] . Benyo and colleagues could not detect increased levels of TNFα, IL-1β, IL-1α, or IL-6 in the placentas from normal term compared with preeclamptic pregnancies, thus despite the fact that IL-6 levels are increased in the circulation from preeclamptic women, the source of this IL-6 may be activated leukocytes or the maternal endothelium [22] .
Pregnancy is characterized by increased generation of ROS. The generation of ROS is enhanced by increased placental mitochondrial activity and the increase in the placental production of superoxide [23] . This increase in the generation of superoxide is also reported to be associated with decreased levels of superoxide dismutase in the placental trophoblast [21] . In addition, reduced perfusion as a result of abnormal placentation is thought to lead to ischemia reperfusion injury to the placenta [23] . Since there is a positive correlation between placenta and systemic oxidative damage parameters, it is reasonable to suppose that these are related processes, and that placenta could release lipid peroxides into the maternal circulation that could contribute Figure 5 : Placenta protein levels of Toll-like receptor 4, MyD-88 and Nuclear Factor-kB in normal gestation and preeclamptic patients. 33 preeclamptic patients and 33 matched normotensive pregnant women were included and their placenta was collected to the determination of protein levels of Toll-like receptor 4, MyD-88 and nuclear factor-kB using immunoblotting.
to maternal endothelial cell dysfunction, as previously demonstrated [24] .
Some limitations of our study must be pointed-out. Since we collected a single time point of biological samples it is not possible to ascertain a cause-effect relation between TLR4 pathway, inflammation, and oxidative damage, only inferences and correlations. This is a really relevant issue since PE alterations initiate early in the course of gestation, thus determining outcomes at delivery narrows our understanding of the pathophysiology of the disease. Included control patients are in delivery, thus several oxidative and inflammatory alterations associated with delivery are present in our controls, thus adding another control group paired to gestational age, but not at delivery could help us in the understanding of our findings. In addition, it is not possible to ascertain that the nuclear translocation of NF-kB is due to TLR-4 signaling or to some other NF-kB activation pathway. Due to the limited number of patients, it is notpossible to divide PE patients in early and late, and it seems that these two conditions have some differences [25, 26] , including issues related to the TLR4 pathway [10] . In addition, we measure only IL-6 that clearly did not reflect several aspects of the inflammatory response during preeclampsis development, and future studies must address this lack of information.
In conclusion, the TLR4-MyD88-NF-kB proteins are upregulated placente from PE patients, and this is related to local and systemic inflammatory response and oxidative damage suggesting that these phenomena could be associated with the development of PE.
Materials and Methods
Patients.
Informed consent was obtained from all women. Approval for the study was given by the ethics committee of São José Hospital. The study population consisted of 33 consecutive PE patients and 33 normotensive pregnant women seen for their prenatal care, from January 31 and December 31 2009, at the São José Hospital, Obstetrics and Gynecology Department, Criciúma, Brazil, and admitted to cesarean delivery. Preeclampsia was diagnosed as an increase in diastolic blood pressure of 15 mmHg and systolic blood pressure of 30 mmHg at two measurements at least 4 h apart compared with BP obtained before 20 weeks of gestation and proteinuria >0.3 g/24 h in the absence of urinary tract infection [27] . Women with ruptured membranes, multiple pregnancy, medical complications including autoimmune disorders, diabetes mellitus, inflammatory conditions (including chorioamnionitis), and cases of chronic hypertension with superimposed preeclampsia were not included in this study. Control patients were matched with those with preeclampsia for maternal age, gestational age at delivery, and gestational age at blood sampling. Fasting peripheral venous blood samples obtained at the same gestational age in both groups into heparinized vacutainer tubes. The maternal section of the placenta was obtained in the postpartum period, approximately at the same time of blood sampling, and washed with saline solution to remove blood cells. All biological specimens were immediately putt in liquid nitrogen and then stored at −80
• C until assayed.
Oxidative Stress Markers.
The formation of thiobarbituric acid reactive species (TBARS) during an acid-heating reaction was measured as an index of oxidative stress as previously described [28] . Briefly, the samples from placenta and serum were mixed with 1 mL of trichloroacetic acid 10% and 1 mL of thiobarbituric acid 0.67% and then heated in a boiling water bath for 15 minutes with the addition of butylated hydroxytoluene. Malondialdehyde equivalents were determined by the absorbance at 535 nm using 1,1,3,3-tetramethoxypropane as an external standard. Results were expressed as malondialdehyde equivalents per milligram of protein.
The oxidative damage to proteins was assessed by the determination of carbonyl groups based on the reaction with dinitrophenylhydrazine as previously described [29] . Briefly, proteins were precipitated by the addition of 20% trichloroacetic acid and redissolved in dinitrophenylhydrazine, and the absorbance was read at 370 nm.
Inflammatory Markers.
Interleukin (IL)-6 was determined as a prototype proinflammatory cytokine using commercial available kits (PrepoTech, Rocky Hill, NJ, USA) according manufacturer recommendation. One fragment of the placenta was homogenized in extraction solution containing aprotinin. Briefly, the capture antibody (concentration provided by the manufacturer) was diluted in phosphate-buffered saline (PBS), added to each well and left overnight at 4
• C. The plate was washed four times with PBS and 0.05% Tween 20 (Sigma, St. Louis, MO, USA). The plate was blocked with 1% bovine serum albumin and incubated for 1 h at room temperature before washing four times with PBS and 0.05% Tween 20. The samples and standards were added, and the plate was incubated overnight at 4
• C. After washing the plate, detection antibody (concentration provided by the manufacturer) diluted in PBS was added. The plate was incubated for 2 h at room temperature. After washing the plate, streptavidin (DuoSet R&D Systems, Minneapolis, MN, USA) was added and the plate was incubated for 30 min. At last, color reagent ophenylenediamine (Sigma) was added to each well and the reaction was allowed to develop in the dark for 15 min. The reaction was stopped with the addition of 1 M H 2 SO 4 to each well. The absorbance was read on a plate reader at 492 nm wave length.
As an index of neutrophil infiltration, we measured myeloperoxidase (MPO) activity in tissue homogenate. Tissue was homogenized (50 mg/mL) in 0.5% hexadecyltrimethylammonium bromide in 10 mM 3-N-morpholinopropanesulfonic acid and centrifuged at 15,000 g for 40 mins. The suspension was then sonicated three times for 30 csecs. An aliquot of supernatant was mixed with a solution of 1.6 mM tetramethylbenzidine and 1 mM hydrogen peroxide. Activity was measured spectrophotometrically as the change in absorbance at 650 nm at 37
• C, using a SpectraMax Microplate Reader [30] . Results are expressed as milliunits of MPO activity per milligram of protein.
Blood leucocytes counts were obtained in the routine analyses of the biochemistry laboratory from our hospital using a SYSMEX analyser, model XT-1800i.
TLR-4-MyD88-NF-kB Pathway.
The content of TLR4, MyD88, and NF-kB protein in placenta was quantified by immunoblotting and expressed as % comparing to control patients. NF-kB determination was performed in nuclear extracts from placenta. The samples were homogenized in extraction buffer at 4
• C with a Polytron PTA 20S generator (Brinkmann Instruments model PT 10/35) operated at maximum speed for 30 s. The extracts were centrifuged at 11000 rpm and 4
• C in a Beckman 70.1 Ti rotor (Palo Alto, CA, USA) for 40 min to remove insoluble material, and the supernatants of these tissues were used for protein quantification, using the Bradford method. Extracted proteins were denatured by boiling in Laemmli sample buffer containing 100 mM DTT, run on SDS-PAGE, and transferred to nitrocellulose membranes. The membranes were blocked, probed with anti-TLR or anti-NF-kB antibodies (Santa Cruz Biotechnology, Inc, CA, USA) or anti-MyD88 antibodies (Cell Signaling, US) and developed as described previously [31] . The blots were exposed to preflashed Kodak XAR film with Cronex Lightning Plus intensifying screens at −80
• C for 12-48 h. Intensities of bands were quantitated by optical desitometry (Scion Image software, ScionCorp, Frederick, MD, USA) of the developed autoradiography.
Statistical Analyses. Standard descriptive statistics were calculated to examine baseline characteristics of the study population. Continuous variables with normal distribution were presented as mean ± standard deviation and compared by t-Student test. Continuous variables with a non-normal distribution were reported as median (25%-75% interquartile range) and compared using Mann-Whitney U test or Kruskal-Wallis test, as appropriate. Categorical variables were presented as absolute numbers (frequency percentages) and analyzed by Chi-square test (with Yates correction where applicable). A two-tailed P-value < 0.05 was considered statistically significant.
